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ABSTRACT Four experiments were conducted using
day-of-hatch, mixed-sex broiler chicks to evaluate the ef-
fects of aflatoxins and T-2 toxin on cecal volatile fatty
acids (VFA) and the susceptibility to Salmonella coloniza-
tion. All chicks in these experiments were challenged
orally with 104 cfu of Salmonella typhimurium (ST) on Day
3. In Experiments 1 and 2, chicks were fed diets containing
0, 2.5, or 7.5 mg aflatoxins/kg of diet and were allowed
to develop their microflora naturally. In Experiment 3,
all chicks were orally gavaged on the day of hatch with
a competitive exclusion (CE) culture (PREEMPT ) and
were fed diets containing 0, 2.5, or 7.5 mg T-2 toxin/kg.
In Experiment 4, the chicks were fed diets containing 0,
7.5, or 15.0 mg T-2 toxin/kg and one-half of the chicks
were orally gavaged on the day of hatch with the CE
culture. In Experiments 1 and 2, with the exception of
increased total VFA at 5 d in chicks fed the 7.5 mg T-2
aflatoxins/kg diet, there were no treatment effects on
cecal propionic acid, total VFA, or incidence or severity
of ST colonization. In Experiment 3, the only alteration
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INTRODUCTION

In recent years there has been increased consumer con-
cern regarding the contamination of products with salmo-
nellae. Poultry products are among those products fre-
quently contaminated with various serotypes of Salmo-
nella, and these products are a source of human
salmonellosis (Cohen and Tauxe, 1986; Izat et al., 1991).
Numerous factors can affect the susceptibility of chickens
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in concentration of cecal propionic acid or total VFA was
a significant reduction in total VFA at 5 d in chicks fed
the 2.5 mg T-2 toxin/kg diet. No significant treatment
differences were observed for numbers of Salmonella cecal
culture-positive chicks or for numbers of ST in the cecal
contents. In Experiment 4, with minor exceptions, the
chicks treated with the CE culture had higher cecal con-
centrations of propionic acid and were less susceptible
to Salmonella colonization than the non-CE-treated chicks.
In the non-CE-treated chicks, T-2 toxin had no effect on
any of the parameters, and 85 to 90% of the chicks were
Salmonella cecal culture-positive. In the CE-treated chicks,
there was a decrease in propionic acid concentration at
3 and 11 d and an increase in susceptibility to Salmonella
colonization of the chicks fed the 15.0 mg T-2 toxin/kg
diet. These results indicate that cecal concentrations of
VFA can be affected by toxins, such as high concentrations
of T-2 toxin, and that resistance to Salmonella colonization
may be reduced. Further research is necessary to deter-
mine the biological significance of these changes.

to salmonellae colonization, including age, stress, general
health, feed additives, the genetics of the chicken, and
others (Bailey, 1988).

Newly hatched chicks are more susceptible to salmo-
nellae colonization than older chicks that have developed
resistance as native microflora become established. This
increased susceptibility to salmonellae cecal colonization
has been attributed to insufficient concentration of cecal
volatile fatty acids (VFA) to prevent colonization (Barnes
et al., 1979). Barnes et al. (1980) reported that cecal VFA
concentrations are indicators of anaerobe growth. Nisbet
et al. (1994, 1996) and Corrier et al. (1995) confirmed this
hypothesis and demonstrated a correlation between cecal
VFA concentrations, especially propionic acid, in 3-d-old

Abbreviation Key: AF = aflatoxins; CE = competitive exclusion; ST
= Salmonella typhimurium; VFA = volatile fatty acids.
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TABLE 1. Effect of dietary aflatoxins (AF) on the concentrations of propionic acid and total volatile fatty
acids in the cecal contents of broiler chicks at 3, 5, 7, 9, and 11 d of age (Experiment 1)1

Time

Propionic acid (µmol/g cecal content) Total volatile fatty acids (µmol/g cecal content)

Treatment 3 d 5 d 7 d 9 d 11 d 3 d 5 d 7 d 9 d 11 d

Control 2.84a 3.06a 4.92a 4.54a 5.91a 26.14a 41.24a 82.00a 72.86a 94.73a

2.5 mg AF/kg diet 2.76a 3.26a 4.90a 4.12a 4.20a 25.75a 49.20a 88.10a 68.53a 88.50a

7.5 mg AF/kg diet 2.69a 3.02a 4.75a 4.11a 4.95a 29.99a 32.81a 78.27a 63.46a 83.74a

LSD2 0.26 0.34 0.90 0.92 2.13 17.29 24.00 15.15 13.60 17.23

aMeans within a column with different superscripts differ significantly (P < 0.05).
1Values represent the mean of 12 chicks per treatment (four replicates of three chicks each) for each sampling

period.
2LSD = Least significant difference as determined by Fisher’s protected LSD procedure.

chicks with the establishment of anaerobic cecal mi-
croflora and protection against Salmonella typhimurium
(ST) colonization.

Adequate information is not available on the effects
of specific dietary constituents or toxins on the native
microflora or competitive exclusion (CE) cultures and
salmonellae colonization. Mycotoxins are a group of fun-
gal metabolites that are often present in grains consumed
by humans or animals. Aflatoxins (AF), a group of ex-
tremely toxic chemicals, are produced by certain species
of fungi in the genus Aspergillus and have been detected
as contaminants of crops before harvest, between harvest
and drying, in storage, and after processing and manufac-
turing (Council for Agricultural Science and Technology,
1989). Aflatoxins cause severe economic losses in the
poultry and livestock industries. In many cases, AF con-
tamination may mean the difference between profit and
loss to the poultry industry (Jones et al., 1982; Nichols,
1983; Hamilton, 1984). Experimentally induced toxicity
in young growing chicks has been well documented, as
indicated by Huff et al. (1988). The T-2 toxin is a naturally
occurring mycotoxin produced by several species of fungi
in the genus Fusarium (Bamburg et al., 1970) that are
found in many grains and feeds used in poultry diets.
The T-2 toxin causes reduced performance and severe
oral lesions in poultry (Wyatt et al., 1972, 1973b; Chi et
al., 1977; Chi and Mirocha, 1978; Hoerr et al., 1981; Huff
et al., 1988; Kubena et al., 1989, 1990, 1994), abnormal
behavior (Wyatt et al., 1973a), altered feathering (Wyatt
et al., 1975), and coagulopathy (Doerr et al., 1981). A
significant interaction, resulting in increased mortality in
chickens fed T-2 toxin and infected with several species
of Salmonella, was observed by Boonchuvit et al. (1975).
These workers suggested that the intestinal pathogens
may be able to invade at necrotic sites in the gastrointesti-
nal tract mucosa caused by the T-2 toxin. Corrier et al.
(1989) observed a significant increase in numbers of chick-
ens that were cecal culture-positive for ST when treated
with T-2 toxin. Ziprin and Elissalde (1990) found a nega-
tive effect of T-2 toxin on the ability of chickens to resist
salmonellosis, as measured by survival. These researchers
did not determine the effects of T-2 toxin on the cecal
propionic acid and total VFA concentrations.

Because of the widespread occurrence of the AF and
T-2 toxin in grains and the likelihood of using grains
contaminated with one of these mycotoxins in poultry
feed, it is important to know whether these mycotoxins
affect the establishment of microflora in young chicks,
thus affecting VFA and susceptibility to enteropathogens
such as salmonellae.

The purpose of the present research was to evaluate
the effects of AF and T-2 toxin on cecal propionic acid
and total VFA concentrations in young chicks with native
microflora and chicks administered a commercial, charac-
terized CE culture and on ST colonization of ceca.

MATERIALS AND METHODS

Four experiments were conducted using day-of-hatch,
mixed-sex broiler chicks (Arbor Acres × Arbor Acres)
obtained from a commercial hatchery. The chicks were
maintained in electrically heated batteries under continu-
ous fluorescent lighting with feed and water provided
ad libitum. The diets were formulated without added
antibiotics, coccidiostats, or growth promoters and con-
tained or exceeded the levels of nutrients recommended
by the National Research Council (1994). The paper liners
from the chick transport boxes were cultured successively
in buffered peptone water in selenite cystine broth and
on BGA plates as described previously (Andrews et al.,
1978) and were examined for salmonellae. Salmonella spp.
were not detected in the paper liners.

TABLE 2. Effect of dietary aflatoxins (AF) on the number of broiler
chicks that were cecal culture-positive for Salmonella typhimurium
and the number of Salmonella typhimurium in the cecal contents

of 11-d-old broiler chicks (Experiment 1)

Salmonella
culture-positive Log10 Salmonella
chicks/total per g cecal contents

Treatment (%) (number of chicks)

Control 15/20 (75) 4.35 (20)
2.5 mg AF/kg diet 13/20 (65) 3.67 (20)
7.5 mg AF/kg diet 15/20 (75) 4.22 (20)
LSD1 1.80

1LSD =Least significant difference as determined by Fisher’s protected
LSD procedure.
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TABLE 3. Effect of dietary aflatoxins (AF) on the concentrations of propionic acid and total volatile fatty
acids in the cecal contents of broiler chicks at 3, 5, 8, and 10 d of age (Experiment 2)1

Time

Propionic acid (µmol/g cecal content) Total volatile fatty acids (µmol/g cecal content)

Treatment 3 d 5 d 8 d 10 d 3 d 5 d 7 d 10 d

Control ND 2.95a 3.03a 3.31a 15.64a 22.99b 50.14ab 84.31a

2.5 mg AF/kg diet ND 2.76a 2.93a 3.09a 21.65a 35.54ab 64.54a 88.61a

7.5 mg AF/kg diet ND 2.73a 2.97a 3.47a 17.97a 45.06a 44.00b 71.21a

LSD2 0.23 0.46 0.62 13.52 13.96 19.14 27.44

a,bMeans within a column with different superscripts differ significantly (P < 0.05).
1Values represent the mean of 12 chicks per treatment (four replicates of three chicks each) for each sampling

period.
2LSD = Least significant difference as determined by Fisher’s protected LSD procedure.

In all experiments, chicks were randomly assigned to
groups of 80 chicks each (four replicates of 20 chicks
each). All chicks were challenged by crop gavage at 3 d
of age with 104 cfu ST, because previous research (D. E.
Corrier, unpublished data) indicated that the challenge
with ST did not result in a change in cecal VFA content.
At 3, 5, 7, and 9 d (or slight variations thereof) of age, 12
chicks per treatment group (four replicates of three chicks
each) were killed by cervical dislocation, and cecal con-
tents from each chick were collected aseptically. The con-
centrations of propionic acid and total VFA (acetic, propi-
onic, butyric, isobutyric, valeric, and isovaleric acids) in
the cecal contents were determined by gas liquid chroma-
tography as described by Corrier et al. (1990). On the
final day of the experiment, 0.25-g samples of the contents
of one cecum from each of 12 chicks per treatment group
were serially diluted and spread-plated on BGA plates
at dilutions of 1:10, 1:100, 1:1000, and 1:10,000. The plates
were incubated for 24 h at 37 C, and the number of colony-
forming units of ST per gram of cecal contents was deter-
mined on an automatic colony counter.4 Typical Salmo-
nella colonies were confirmed by biochemical tests on
triple sugar agar and lysine iron agar5 and further identi-
fied as ST serologically using Salmonella O antiserum,
Group 13, Factors 1, 4, 12, and 15.6 Salmonella colony plate
counts were expressed as log10 Salmonella per gram of
cecal contents. Cecal contents that were Salmonella culture
negative at the 1:100 dilution but positive after culture in
selenite-cystine were arbitrarily assigned a value of 1.50
log10 Salmonella per gram of cecal contents. Selenite-cys-
tine cultures that were negative on BGA plates were as-
signed a log10 Salmonella value of 0 (Corrier et al., 1993,
1995; Byrd et al., 1998).

In Experiments 1 and 2, chicks were allowed to develop
their microflora naturally and were fed diets containing
0 (controls), 2.5, or 7.5 mg AF/kg of diet. In Experiment

4Biotran III, New Brunswick Scientific Co., Edison, NJ 08818-4004.
5Difco Laboratories, Detroit, MI 48232.
6Kindly provided by G. E. Rottinghaus, Veterinary Medical Diagnos-

tic Laboratory, College of Veterinary Medicine, University of Missouri,
Columbia, MO 65602.

7Bioscience Division of Milk Specialties Co., 3802 Packers Ave., Madi-
son, WI 53704.

3, the chicks were orally gavaged at 1 d of age with a CE
culture (PREEMPT ),7 a commercial CE product, ac-
cording to manufacturer’s recommendations. This prod-
uct, which was developed in our laboratory and licensed
to the company, contains 29 characterized bacterial iso-
lates (Corrier et al., 1995) and is the only CE product
approved for use against Salmonella in poultry in the
United States at the present time. The chicks were fed
diets containing 0 (controls), 2.5, or 7.5 mg T-2 toxin6/kg
for 9 d. In Experiment 4, the chicks were maintained
under conditions as described in Experiment 3. The chicks
were randomly assigned to six groups of 80 chicks each
(four replicates of 20 chicks each). Two groups of chicks
(eight replicates of 20 chicks each) were fed diets con-
taining 0 (controls), 7.5, or 15.0 mg T-2 toxin/kg for 11
d. Three groups of chicks (one group from each dietary
treatment) were orally gavaged with the CE culture as
previously described for Experiment 3 and were main-
tained in a separate room under similar conditions. Sam-
pling of chicks at 3, 5, 8, and 11 d was performed as
previously described. Upon termination of Experiment 4,
all remaining chicks were individually weighed.

The AF for the experiment was produced through the
fermentation of rice by Aspergillus parasiticus NRRL 2999
by methods previously described by Kubena et al. (1990).
The AF content was measured by spectrophotometric
analysis (Nabney and Nesbitt, 1965), as modified by Wise-
man et al. (1967). The AF within the rice powder com-
prised 79% AFB1, 16%AFG1, 4% AFB2, and 1% AFG2. The

TABLE 4. Effect of dietary aflatoxins (AF) on the number of broiler
chicks that were cecal culture-positive for Salmonella typhimurium
and the number of Salmonella typhimurium in the cecal contents

of 10-d-old broiler chicks (Experiment 2)

Salmonella
culture-positive Log10 Salmonella
chicks/total per g cecal contents

Treatment (%) (number of chicks)

Control 17/20 (85) 5.30 (20)
2.5 mg AF/kg diet 18/20 (90) 5.50 (20)
7.5 mg AF/kg diet 20/20 (100) 6.11 (20)
LSD1 1.30

1LSD =Least significant difference as determined by Fisher’s protected
LSD procedure.
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TABLE 5. Effect of dietary T-2 toxin on the concentrations of propionic acid and total volatile fatty acids in the cecal contents
of broiler chicks at 3, 5, 7, and 9 d of age (Experiment 3)1

Time

Propionic acid (µmol/g cecal content) Total volatile fatty acids (µmol/g cecal content)

Treatment 3 d 5 d 7 d 9 d 3 d 5 d 7 d 9 d

Control 28.71a 25.42ab 26.62a 33.88a 71.89a 87.80a 94.42a 118.76a

2.5 mg T-2 toxin/kg diet 23.29a 18.23b 28.02a 46.30a 62.29a 58.80b 80.90a 125.88a

7.5 mg T-2 toxin/kg diet 26.97a 31.30a 25.16a 38.17a 65.04a 86.86a 90.83a 115.22a

LSD2 7.30 7.80 9.84 17.28 11.33 14.37 26.99 36.62

a,bMeans within a column with different superscripts differ significantly (P < 0.05).
1Values represent the mean of 12 chicks per treatment (four replicates of three chicks each) for each sampling period.
2LSD = Least significant difference as determined by Fisher’s protected LSD procedure.

basal diet was analyzed for mycotoxins and was found
to be below detection limits (<10 µg/kg) for AF, deoxyni-
valenol, zearalenone, ochratoxin, and cyclopiazonic acid
by the methods described by Clement and Phillips (1985).

By nuclear magnetic resonance and mass spectrometry,
the T-2 was determined to be greater than 99% pure. The
T-2 toxin was incorporated into the diet by dissolving it
in 95% ethanol and then mixing the appropriate quantities
with 1 kg of the diet. After drying, the 1-kg quantities of
diet were mixed with the rest of the basal diet to produce
the treatments containing T-2 toxin. Data for body
weights (Experiment 4 only), individual VFA, total VFA,
and log10 cfu counts among treatment groups were sub-
jected to ANOVA (Snedecor and Cochran, 1967) using
the general linear models procedure in the PC-SAS� sta-
tistical software (SAS Institute, 1987). Variable means
showing significant differences in the ANOVA were com-
pared using the Fisher’s protected least significant differ-
ence (LSD) procedure (Snedecor and Cochran, 1967). Dif-
ferences in the number of S. typhimurium culture-positive
chicks between treatment groups were analyzed by chi-
squared analysis (Luginbuke and Schlotzhauer, 1987). All
statements of significance were based on the 0.05 level of
probability, unless otherwise stated.

RESULTS

In Experiments 1 and 2, feeding chicks diets containing
2.5 or 7.5 mg AF/kg of diet resulted in no significant
changes in cecal propionic acid or total VFA concentra-
tions, with the exception at 5 d, when chicks fed the 7.5
mg/kg diet had significantly higher concentrations of
total VFA than the controls (Tables 1 and 3). There were
no significant treatment differences observed for numbers
of chicks with Salmonella-positive cecal cultures or in
numbers of ST in the cecal contents (Tables 2 and 4).

Compared with controls, in Experiment 3 the only alter-
ation in concentrations of cecal propionic acid and total
VFA was a significant reduction in total VFA at 5 d in
chicks fed the 2.5 mg T-2 toxin/kg diet (Table 5). There
were no significant treatment differences observed for
numbers of chicks with Salmonella-positive cecal cultures
or in numbers of ST in the cecal contents (Table 6).

The data for concentrations of cecal propionic acid and
total VFA in Experiment 4 are presented in Table 7. With

minor exceptions, the propionic acid concentrations were
significantly higher in chicks treated with the CE culture
than the non-CE-treated chicks at 3, 5, 8, and 11 d. Total
cecal VFA concentrations tended to be higher in CE-
treated chicks when compared with non-CE-treated
chicks; however, this finding was statistically significant
only for control CE-treated chicks at Days 3 and 11 and
at Day 11 for the CE-treated chicks fed the 7.5 mg T-2
toxin/kg diet. Within the non-CE-treated group of chicks,
with the exception of Day 8 when the chicks fed the 7.5
mg T-2 toxin/kg diet had higher propionic acid concen-
trations, there were no significant differences in cecal
concentrations of propionic acid or total VFA due to T-
2 toxin. Within the CE-treated chicks, there was a signifi-
cant decrease in cecal propionic acid concentrations at 3
and 11 d in the chicks fed the 15.0 mg T-2 toxin/kg diet
and no changes in the concentration of total VFA when
compared to the control CE-treated chicks.

Body weights at Day 11 were significantly lower for
chicks fed the 15.0 mg T-2 toxin/kg diet with or without
CE culture (Table 8). The experimental challenge dose of
104 cfu ST resulted in cecal colonization in 85% of the
non-CE-treated control chicks. There was no difference
due to T-2 toxin treatment. This challenge resulted in a
significant (P < 0.001) decrease in cecal colonization to
only 10% of the CE-treated control chicks. There was a
significant (P < 0.05) increase in the number of chicks
with Salmonella-positive cecal cultures fed the 15.0 mg T-
2 toxin/kg diet, when compared with CE-treated controls
(45 vs. 10%). Cecal colonization in the chicks fed the 7.5

TABLE 6. Effect of dietary T-2 toxin on the number of broiler
chicks that were cecal culture-positive for Salmonella typhimurium

and the number of Salmonella typhimurium in the cecal
contents of 9-d-old broiler chicks (Experiment 3)

Salmonella
culture-positive Log10 Salmonella
chicks/total per g cecal contents

Treatment (%) (number of chicks)

Controls 1/20 (5) 0.19 (20)
2.5 mg T-2 toxin/kg diet 5/20 (25) 0.51 (20)
7.5 mg T-2 toxin/kg diet 1/20 (5) 0.23 (25)
LSD1 0.63

1LSD =Least significant difference as determined by Fisher’s protected
LSD procedure.
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TABLE 7. Effect of dietary T-2 toxin and competitive exclusion (CE) culture1 on the concentrations of propionic acid and total volatile fatty
acids in the cecal contents of broiler chicks at 3, 5, 8, and 11 d of age (Experiment 4)2

Time

Propionic acid (µmol/g cecal content) Total volatile fatty acids (µmol/g cecal content)

Treatment 3 d 5 d 8 d 11 d 3 d 5 d 8 d 11 d

Control 0.54c 1.92b 2.69d 6.88c 18.25b 37.88a 60.13a 77.17b

7.5 mg T-2 toxin/kg diet 1.22c 1.36b 5.18bc 6.34c 20.98ab 30.17a 51.56a 74.28b

15.0 mg T-2 toxin/kg diet 0.54c 1.54b 3.89cd 6.19c 17.08b 31.57a 50.67a 77.63b

Control + CE culture 7.58a 5.76a 7.28ab 17.70a 29.22a 41.72a 54.18a 107.22a

7.5 mg T-2 + CE culture 5.41ab 7.36a 7.47ab 13.96ab 23.09ab 41.79a 61.43a 108.21a

15.0 mg T-2 + CE culture 5.01b 6.31a 8.21a 11.82bc 24.77ab 33.97a 46.68a 95.03ab

LSD3 2.53 1.94 2.65 5.06 9.22 14.05 17.46 23.25

a–cMeans within a column with no different superscripts differ significantly (P < 0.05).
1The CE culture was PREEMPT , Bioscience Division of Milk Specialties Co., 3802 Packers Ave., Madison, WI 53507.
2Values represent the mean of 12 chicks per treatment (four replicates of three chicks each) for each sampling period.
3LSD = Least significant difference as determined by Fisher’s protected LSD procedure.

mg T-2 toxin/kg diet was intermediate at 35%, which
was not significantly different from the CE-treated control
chicks. Compared with non-CE-treated controls, the num-
bers of ST in the cecal contents of the CE-treated controls
decreased (P < 0.05) by 3.82 log10 units. There were no
significant differences in the numbers of ST in the cecal
contents due to dietary T-2 toxin, although the values
appeared to increase numerically in the chicks fed the T-
2 toxin diets.

DISCUSSION

Compared with controls, feeding broiler chicks 2.5 or
7.5 mg AF/kg of diet did not significantly alter the con-
centrations of cecal propionic acid or total VFA. In Experi-
ment 1, the challenge dose of 104 cfu ST resulted in Salmo-
nella-positive cecal cultures at the end of the experiment
in 75% of the control chicks, 65% of the chicks fed 2.5 mg
AF/kg, and 75% of the chicks fed the 7.5 mg AF/kg.
The log10 Salmonella per gram of cecal contents for these
treatments were 4.35, 3.67, and 4.22 for the treatments,
respectively. In Experiment 2, these treatments had 85,

TABLE 8. Effect of dietary T-2 toxin and competitive exclusion (CE) culture1 on body weights, the
number of chicks cecal culture-positive for Salmonella typhimurium, and the number of
Salmonella typhimurium in the cecal contents of 11-d-old broiler chicks (Experiment 4)

Body weight (number) Salmonella culture-positive Log10 Salmonella per g cecal
Treatment g chicks/total (%) contents (number of chicks)

Control 221a (25) 17/20 (85) 4.54a (20)
7.5 mg T-2 toxin/kg diet 217a (28) 18/20 (90) 5.34a (20)
15.0 mg T-2 toxin/kg diet 169b (31) 17/20 (85) 5.18a (20)

52/60 (87)
Control + CE culture 225a (28) 2/20 (10) 0.62b (20)
7.5 mg T-2 + CE culture 212a (28) 7/20 (35) 1.48b (20)
15.0 mg T-2 + CE culture 177b (28) 9/20 (45)* 2.09b (20)

LSD2 15 18/60 (30)** LSD 1.60

a,bMeans within a column with different superscript differ significantly (P < 0.05).
1The CE culture was PREEMPT , Bioscience Division of Milk Specialties Co., 3802 Packers Ave., Madison,

WI 53704.
2LSD = Least significant difference as determined by Fisher’s protected LSD procedure.
*Significantly different from Control + CE culture-treated (P < 0.05).
**Significantly different from combined non-CE culture-treated chicks (P < 0.01).

90, and 100% chicks with Salmonella-positive cultures with
log10 Salmonella per gram of cecal contents of 5.30, 5.5,
and 6.11, respectively. These data indicate that feeding
AF at 2.5 or 7.5 mg/kg did not significantly affect any of
the parameters measured. This information is important
because during years of drought or other stressors, grains
used in poultry diets may very likely be contaminated
with AF.

Feeding young chicks 7.5 or 15.0 mg T-2 toxin/kg of
diet for 11 d resulted in no change in body weights at 7.5
mg T-2 toxin/kg and a significant reduction at 15.0 mg
T-2 toxin/kg of diet (Experiment 4). The concentration
of 7.5 mg T-2 toxin/kg of diet is a borderline concentration
for observing reductions in body weights at this early
age under laboratory conditions (Kubena et al., 1994).

Propionic acid and total VFA concentrations were con-
sistently high throughout Experiment 3 because all chicks
were administered CE culture. The only significant (P >
0.05) effect observed was a decrease in total VFA at 5 d
in chicks fed the 2.5 mg T-2 toxin/kg diet. Interestingly,
although not statistically significant, this treatment also
had the numerically highest incidence of chicks with Sal-
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monella-positive cecal cultures, when compared with con-
trols (5/20 vs. 1/20).

In Experiment 4, body weights at 11 d were significantly
reduced (P < 0.05) in chicks fed the 15.0 mg T-2 toxin/
kg diet in both CE-treated and untreated chicks, indicat-
ing overt toxicity due to the highest concentration of T-
2 toxin. In the non-CE-treated chicks, feeding the 7.5 or
15.0 mg T-2 toxin/kg of diet did not significantly affect
the concentrations of propionic acid, total VFA, the num-
bers of Salmonella culture-positive chicks or the numbers
of Salmonella per gram of cecal contents. In the CE-treated
chicks, the chicks fed 15.0 mg T-2 toxin/kg diet had sig-
nificantly lower concentrations of cecal propionic acid at
3 and 11 d, but there were no differences in total VFA.

The expected increase in propionic acid concentrations
detected in chicks administered the CE culture is a charac-
teristic indication of the establishment of the culture in
the digestive tract (Nisbet et al., 1994; Corrier et al., 1995;
Droleskey et al., 1995). The reason for the lower concentra-
tions of cecal propionic acid, when compared with Experi-
ment 3 and some other reports, is unknown. Perhaps
in this experiment a different microbial population was
present before the chicks were administered the CE cul-
ture. However, there was a 14-fold increase in the concen-
tration of propionic acid in the CE-treated controls com-
pared with the non-CE-treated controls.

Eighty-five to ninety percent of the non-CE-treated
chicks had Salmonella-positive cecal cultures, and the log10

Salmonella per gram of cecal contents ranged from 4.54
to 5.34. Treatment of the chicks at day of hatch with the
CE culture resulted in a decrease (P < 0.001) in chicks
with Salmonella-positive cecal cultures (30 vs. 87%) and
a significant decrease (P < 0.05) in the number of Salmo-
nella per gram of cecal contents (log10 5.03 vs. 1.40). Inter-
estingly, chicks with 7.5 µmol cecal propionic acid per
gram of cecal contents were protected to a greater extent
from cecal colonization by Salmonella when compared to
chicks with slightly lower concentrations of propionic
acid (5.41 and 5.01). These results agree with the results
of Nisbet et al. (1996), who observed significant protection
with 7.5 µmol propionic acid per gram of cecal contents.
However, in the present research, 5.4 and 5.1 µmol propi-
onic acid per gram of cecal contents also showed signifi-
cant protection against colonization, whereas Nisbet et
al. (1996) did not report protection at 2.1 to 5.4 µmol
propionic acid. It is unlikely that this increase in propionic
acid concentration is solely responsible for the decrease
in colonization when compared with the other two CE
culture treatments, but could be due to other factors such
as competition for limiting nutrient(s) required for opti-
mal propionic acid formation (Nisbet et al., 1996). Ha et
al. (1995) demonstrated that competition for serine in
an anaerobic environment was an important factor in a
coculture containing ST and a native cecal bacterial iso-
late. Although it is not well understood how propionic
acid functions in the mechanism(s) in the reduction of
Salmonella cecal colonization, the present research sup-
ports the previous work of Corrier et al. (1995) and Nisbet
et al. (1994, 1996) showing it is a biological indicator

correlated with Salmonella control. Another possibility is
that the T-2 toxin may decrease host resistance to Salmo-
nella by the well-demonstrated inflammatory and irritant
action of T-2 toxin toward the gastrointestinal tract (Mara-
sas et al., 1969; Wyatt et al., 1973b), which suggests that
the natural barriers to invasion by Salmonella may be more
easily broken during T-2 toxicosis (Perry et al., 1972).
Impaired immune function may also be a factor (Corrier
et al., 1989: Ziprin and Elissalde, 1990). Another factor
that may have a role is the generalized stress caused by
T-2 toxin, as indicated by decreases in the weight of the
bursa of Fabricius (Boonchuvit et al., 1975; Corrier et
al., 1989).

Results of the present research indicate that the concen-
tration of propionic acid produced in the ceca of young
chicks may be an important part of the mechanism(s)
that inhibit ST colonization of young chicks by anaerobic
bacteria. These results also indicate that cecal concentra-
tions of VFA can be affected by dietary toxins, such as
high concentrations of the mycotoxin, T-2. Further re-
search is needed to determine the biological significance
of these changes.
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